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DESCRIPTION 

PN JUNCTION TYPE GROUP III NITRIDE 
SEMICONDUCTOR LIGHT-EMITTING DEVICE 

5 

Cross Reference to related Applications: 

This application is an application filed under 35 U.S .C. 
§ 111(a) claiming the benefit pursuant to 35 U.S.C. § 119(e) 
(1) of the filing date of Provisional Application No. 60/553, 533 
10 filed March 17, 2004 pursuant to 35 U.S.C § 111(b). 

Technical Field: 

The present invention relates to a pn junction type Group 
III nitride semiconductor light-emitting device having a 
light-emitting layer of multiple quantum well structure in 
which well layers andbarrier layers including Group III nitride 
semiconductors are alternately stacked periodically between 
an n-type clad layer and a p-type clad layer which are formed 
on a crystal substrate and which include Group III nitride 
semiconductors. 



15 



20 



Background Art : 

Conventionally, the Group III nitride semiconductor is 
utilized as function material for constituting a Group III 

25 nitride semiconductor light-emitting device of pn hetero 
junction structure, such as a light-emitting diode (LED) , which 
radiates visible light of short wavelength (see JP-A 
2000-332364) . For example, when an LED which emits light in 
a near-ultraviolet region, blue region or green region is to 

30 be formed, n-type or p-type aluminum nitride gallium (Al x Ga Y N: 
0<X, Y<1, X+Y=l) is utilized for forming a clad layer (see 
JP-A 2003-229645) . The gallium nitride indium (Ga Y In z N: 0<Y, 
Z£l, Y+Z=l) is utilized for forming an active layer (light 
emitting layer) (see JP-B SHO 55-3834) . 
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Conventionally, there is disclosed a technique for 

forming a light-emitting layer from single Ga Y In z N (0<Y, Z<1, 
Y+Z=l) (see JP-B SHO 55-3834) . An example for forming a 
light-emitting layer from a super lattice structure called 
5 quantum well structure is also known (see JP-A 2001-102629) . 
The quantum well structure is a structure in which barrier 
layers and well layers are alternately stacked periodically 
(see JP-A 2000-133883) . For example, there is disclosed an 
embodiment in which a Gao.7Ino.3N layer is used as the well layer, 

10 and gallium nitride (GaN) is used as the barrier layer, and 
a light-emitting layer of a multiple quantum well structure 
is formed (see [embodiment 1] in JP-A 2000-102629) . 

However, in the above conventional techniques, the one 
end and the other end of the light-emitting layer are not limited 

15 to the barrier layers, and when one of the ends is a well layer, 
a carrier (electron) is prone to be dispersed toward the clad 
layer through the well layer, and there is a problem that the 
light emitting output is reduced by the same amount. 

Even if the other end of the light-emitting layer that 

20 is in contact with the p-type clad layer is formed with the 
barrier layer, the thickness of the barrier layer is not enough, 
carrier charged from the n-type clad layer is not prevented 
from flowing toward the p-type clad layer, and there is a problem 
that the light emitting output is reduced by this influence. 

25 

Disclosure of the Invention: 

The present invention has been accomplished in view of 
the above circumstances, and it is an object of the invention 
to provide a pn junction type Group III nitride semiconductor 

30 light-emitting device capable of suppressing the dispersion 
of a carrier toward a clad layer and largely enhancing the 
light emitting output even if a light-emitting layer is of 
a multiple quantum well structure. 

To achieve the above object, the present invention 

35 provides a pn junction type Group III nitride semiconductor 
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light-emitting device having a liglnt-emitting layer of 
multiple quantum well structure in which well layers andbarrier 
layers including Group III nitride semiconductors are 
alternately stacked periodically between an n-type clad layer 
5 and a p-type clad layer which are formed on a crystal substrate 
and which include Group III nitride semiconductors, in which 
one end layer of the light-emitting layer is closest to and 
opposed to the n-type clad layer, and the other end layer of 
the light-emitting layer is closest to and opposed to the p-type 

10 clad layer, both the one and the other end layers are barrier 
layers, and the other end layer is thicker than the barrier 
layer of the one end layer. 

In the pn junction type Group III nitride semiconductor 
light-emitting device, each of the barrier layers has a 

15 thickness increased gradually from the one end layer toward 
the other end layer. 

In the first or second mentioned pn junction type Group 
III nitride semiconductor, the other end layer has an impurity 
concentration low at its junction portion relative to the well 

20 layer, highest at its central portion and reduced gradually 
from the central portion toward the p-type clad layer. 

In any one of the first to third mentioned pn junction 
type Group III nitride semiconductor, the other end layer has 
joined thereto a well layer which is not intentionally doped 

26 with impurities. 

According to the present invention , in the light -emitting 
layer of the multiple quantum well structure, layers forming 
both ends of the light-emitting layer are barrier layers . Thus, 
it is possible to suppress the dispersion of carrier toward 

30 the clad layer, and since carrier is enclosed with the well 
layer, the light emitting output can be enhanced. 

The other end layer of the barr±er layers forming the 
both ends of the light-emitting layer of the multiple quantum 
, well structure that is in contact with the p-type clad layer 

35 is thicker than the one end layer. Thus, carrier charged from 
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the n-type clad layer is prevented from flowing toward the 
p-type clad layer, and the light emitting output can be enhanced. 

According to the present invention, the light emitting 
efficiency can be enhanced by about 1.5 times. Therefore, 
5 the light emitting output of an LED lamp and li cjhtning conversion 
efficiency can be enhanced by about 1.5 times, and energy can 
be saved. 

According to the present invention, the thickness of 
each of the barrier layers is gradually increased from the 

10 one end layer toward the other end layer. Thus, the carrier 
can be enclosed with the well layer more strongly. In this 
case, the thickness of each of the barrier layers is preferably 
set to such a value that the light emitting wavelength from 
the well layer is not varied. 

15 Further, the impurity concentration of the other end 

layer is low at its junction portion relative to the well layer, 
is the highest at its central portion and is gradually reduced 
from the central portion toward the p-type clad layer. Thus, 
the environment that affects the well layer which is in contact 

20 with the other layer, and the charging efficiency of a hole 
formed toward the multiple quantum well layer are both 
satisfied. 

Further, a well layer which is not intentionally doped 
with impurities is joined to the other end layer. Thus, 
25 crystallinity of the well layer and light emitting efficiency 
can be enhanced. 

Brief Description of the Drawings: 

Fig. 1 is a schematic cross section showing a stacked 
30 structure used for producing an LED of a first embodiment. 

Fig. 2 is a schematic view showing a light-emitting layer 
of the stacked structure shown in Fig. 1. 

Fig. 3 is a schematic plan view of the LED produced from 
the stacked structure shown in Fig. 1. 
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Best Mode for Carrying Out the Invention: 

An embodiment of the present invention will be described 

i 

in detail below. 

According to the invention/ a pn junction type Group 
5 III nitride semiconductor light-emitting device is formed 
using an n-type or p-type Group III nitride semiconductor layer 
formed on a crystal substrate, especially a single crystal 
substrate. 

That is, the pn junction type Group III nitride 

10 semiconductor light-emitting device of the present invention 
has a light-emitting layer of multiple quantum well structure 
in which well layers and barrier layers including Group III 
nitride semiconductors are alternately stacked periodically 
between an n-type clad layer and a p-type clad layer which 

15 are formed on a crystal substrate and which include Group III 
nitride semiconductors, one end layer of the light-emitting 
layer is closest to and opposed to the n-type clad layer, and 
the other end layer of the light-emitting layer is closest 
to and opposed to the p-type clad layer, both the one and the 

20 other end layers are barrier layers, and the other end layer 
is thicker than the barrier layer of the one end layer. 

The clad layer closer to the crystal substrate may be 
of n-type or p-type. 

When the Group III nitride semiconductor layer is formed, 

25 single crystal is used as material of the substrate. As the 
material, it is possible to use oxide single crystal material, 

such as sapphire (a-Al 2 0 3 single crystal), zinc oxide (ZnO) 
and lithium gallium oxide (LiGa0 2 ) which have relatively high 
melting point and heat resistance property; Group IV 

30 semiconductor single crystal, such as silicon (Si) single 
crystal, cubical crystal and silicon carbide of hexagonal 
crystal; and Group II I-V compound semiconductor single crystal 
• material, such as gallium phosphide (GaP) . Optically 
transparent single crystal material through which light from 

35 the light-emitting layer can pass can effectively be used for 
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substrates. 

The n-type and p-type Group III nitride semiconductor 
layers (clad layer) provided on the single crystal substrate 

have composition formula of AlxGaylnzNi-aMg (0<X^1, 0<Y^1, 0:<Z<1, 
5 X+Y+Z=l, symbol M represents a Group V element that is different 

from nitrogen, and (Ka<l) . When there exists lattice mismatch 
between the single crystal substrate and the Group III nitride 
semiconductor layer (clad layer) to be formed on the substrate, 
it is preferable that a low or high temperature buffer layer 
10 which moderates the mismatch and which becomes an upper layer 
having excellent crystallinity is interposed between the 
layers. The buffer layer may be made of aluminum nitride, 

gallium (Al x Ga Y N: 0<X<1, O^Y^l, X+Y=l) for example. 

It -is not always necessary that the n-type and p-type 

15 clad layers are made of Group III nitride semiconductor 
materials having the same composition ratio. For example, 
the n-type clad layer may be made of gallium nitride (GaN) , 
and the p-type clad layer may be made of aluminum galliumnitride 
(AlxGayN) . It is preferable that the n-type and p-type clad 

20 layers are made of a Group III nitride semiconductor in which 
band gap is larger than the barrier layer which constitutes 
a quantum well structure forming the light-emitting layer. 

The light-emitting layer disposed between the n-type 
clad layer and the p-type clad layer is of a multiple quantum 

25 well structure in which well layers and barrier layers made 
of a Group III nitride semiconductor are alternately stacked 
periodically, and both end layers (one end layer and the other 
end layer) are barrier layers. This is because dispersion 
of carriers toward the n-type andp-type clad layer's is prevented 

30 more effectively. Among the layers constituting the 
light-emitting layer of the present invention, the one end 
layer which is closest to and opposed to the n-type clad layer, 
and the other end layer which is closest to and opposed to 
the p-type clad layer are barrier layers. 
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The well layer is made of a Group I II nitride s emiconductor 
having smaller band gap than the barrier layer. For example, 

the well layer is made of gallium indiumnitride (Ga Y In z N: 0£Y£1, 
0£Z£1, Y+Z=l) . The indium composition ratio (gallium 
5 composition ratio) of Ga Y In z N is appropriately selected such 
that light of desired wavelength can be obtained. A 
light-emitting layer of the light-emitting device which emits 
light having short wavelength in a near-ultraviolet region, 
blue region or green region can be made of Ga Y In z N (0.25<Z<0.4 0 

10 and Y+Z=l) having an indium composition ratio of about 0.40 
(=40%) or less, preferably 0.25. 

The well layer constituting a light-emitting layer of 
the multiple quantum well structure can be made of a Group 
III nitride semiconductor including nitrogen and Group V 

15 element other than nitrogen, such as gallium nitride phosphide 

(GaNi_ a P a : 0^a<l) . In the GaNi_ a Pa/ the band gap is abruptly 
varied depending upon a phosphorus (P) composition ratio (=a) 
(in other words, depending upon a nitride (N) composition ratio 
(=l-a) . A well layer capable of radiating light frorn^ 

20 ultraviolet band to red band can be made of GaNi_ a P a utilizing 
this band bowing. 

To obtain a light-emitting device having low forward 
voltage (Vf) or threshold voltage (Vth) and high light emitting 
strength, it is preferable that the number of well layers forming 

25 the multiple quantum well structure is three or more and six 
or less . A well layer which is to be joined to a barrier layer 
forming the other end layer of the quantum well structure is 
made of an undoped Group III nitride semiconductor layer in 
order to stabilize the wavelength of light emission from the 

30 light-emitting layer of the multiple quantum well structure. 
Other well layer, such as a well layer which is to be joined 
to the' one end layer, may be made of a Group III nitride 
semiconductor layer doped with impurities. A well layer other 
than the layer which is joined to the other enci layer does 

35 not affect the wavelength of light emission. If a well layer ' 



WO 2005/086243 PCT/JP2005/004390 

-8- 

other than the layer which is joined to the other end layer 
is made of a Group III nitride semiconductor layer doped with 
impurities, the effect of reducing Vf or Vth is enhanced. 

The barrier layer of quantum well structure i s made of 
5 a Group III nitride semiconductor layer having band gap of 
about ten times or more the thermal kinetic energy (=0.026eV) 
of electron at room temperature as compared with band gap of 
a Group III nitride semiconductor constituting the we 11 layer. 
Preferably, the barrier layer is made of a Group II Z nitride 

10 semiconductor including a plurality of Group V elements, such 
as AlxGayN (0<X<1, 0<Y<1, X+Y=l) or GaNi- a P a . 

In. this invention, the barrier layer of the other end 
layer is made of a Group III nitride semiconductor layer having 
thickness greater than that of the other barrier layer. This 

15 is because electron which flows into the light-emitting layer 
from the n-type clad layer through the barrier layer of the 
one end layer is effectively enclosed with the well layer which 
is joined to the other end layer. Suitable thickness of the 
barrier layer other than the other end layer of quantum well 

20 structure is 15nm or more and 50nm or less. The thickness 
of the barrier layer of the other end layer is 1.2 times or 
more and 2.5 times or less the thickness of the othexr barrier 
layer. 

Even if the quantum well structure is formeci using a 
25 barrier layer whose thickness is gradually^increased. from the 
one end layer toward the other end layer, it is effective to 
suppress the excessive inflow (overflow of electron) of 
electron charged from the n-type clad layer toward tine p-type 
clad layer. For example, if the thickness of he barrier layer 
30 of the one end layer is defined as 1 . 0 as a reference, the 
thickness of the barrier layer disposed closer to the other 
end layer is 1 . 5, and the thickness of the barrier layer disposed 
next closer to the other end layer is 2.0, and the thickness 
of the barrier layer of the other end layer is 2.5. 
35 Alternatively, the barrier layers of the one end Layer and 
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of a layer close to the one end layer have the same thickness, 
several barrier layers at central portion of the quantum well 
structure are further increased, the barrier layer close to 
the other end layer is further increased, the other end layer 
5 has the greatest thickness, the thicknesses of the layers are 
increased in stage from the one end layer toward the other 
end layer. 

The barrier layer forming the other end layer is made 
of a Group III nitride semiconductor layer in which impurity 
10 concentration is low on its side joined to the well layer and 
is highest at a central portion of the layer and is gradually 
reduced from the central portion toward the p-type clad, layer. 
With this structure, light emitting wavelength from the 
light-emitting layer is stabilized. That is, the other end 
15 layer is made of a Group III nitride semiconductor layer whose 
dopant concentration is reduced from the central portion of 
the layer toward the p-type clad layer. The other barrier 
layer constituting the quantum well structure may be made of 
an undoped layer or a layer doped with impurities. If the 
20 other barrier layer, as well as the other end layer, is made 
of the Group III nitride semiconductor doped with impurities, 
the Vf or Vth can be reduced. In the case of the barrier layer, 
distribution manner of concentration of impurities in th.e layer 
doped with impurities is not limited. The distribution may 
25 be the same as that of the barrier layer of the other end layer 
or may be uniform in the thickness direction. 

The barrier layer and well layer for constituting the 
quantum well structure of the invention may be formed using 
metal-organic chemical vapor deposition (MOCVD, MOVPE or 
30 OMVPE) , molecular beam epitaxy (MBE) , halide vapor deposition, 
hydride vapor growth. Especially the MOCVD is effective 
because a Group III nitride semiconductor includes an element 
having high volatile, such as phosphorus (P) , arsenic (As) 
and the like. The constituent layers for constituting the 
35 Group III nitride semiconductor light-emitting devices may 
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example, the barrier layer or well layer forming the 
light-emitting layer may be formed by normal pressure 
(substantially atmosphericpressure) or reducedpressureMOCVD, 
5 and n-type or p-type clad layer may be formed by MBE, but it 

■ 

is easy to form the constituent layers using the same vapor 
phase growing means ♦ 

Examples of impurities suitable for obtaining a barrier 
layer doped with impurities (e.g., an n-type barrier layer) 
10 are Group IV elements, such as silicon (Si), germaniirm (Ge) 
and tin (Sn) , and Group VI elements, such as selenium (Se) 
and tellurium (Te) . Examples of impurities suitable for 
obtaining a p-type barrier layer are Group II elements, such 
as magnesium (Mg) and calcium (Ca) . The concentration of 
15 impurities doped in the barrier layer can be measured using 
device analysis means, such as secondary ion mass spectrometry 
(SIMS) or Auger electron analysis. 

The barrier layer of the other end layer is allowed to 
grow in an undoped state, i.e. without supplying the impurities 
20 to the growing reaction system. When the layer thickness of 
\ the barrier layer reaches about half of a desired thickness, 
a large, amount of impurities are abruptly added, and a xegion 
including high impurity concentration is formed in the central 
portion of the barrier layer . After the region having a desired 
25 thickness and high concentration impurities formed ±n the 
central portion is f ormed, the amount of impurities to be added 
is reduced with the elapse of time, and the growth is continued 
until a desired thickness is obtained. If the amount of 
impurities to be added to the growing reaction system is varied 
30 with the elapse of time in this manner, the concentration of 
impurities in the other end layer is low on the side joined 
to the well layer, is highest at the central portion of the 
layer and is gradually reduced from the central portion toward 
the p-type clad layer. 
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It is preferable that the thickness of the region of 
the high concentration, of impurities provided in the barrier 
layer forming the other end layer is 2.5 ma or more and 40 
nm or less- A preferable range of the concentration of 
5 impurities in this higlh concentration of impurities is IxlO 18 
cm"" 3 or more and IxlO 19 cm" 3 or less. If the concentration of 
impurities in this region is increased as the thickness is 
thinner, this is advantageous for preventing the forward 
voltage from increasing . For example, when the thickness of 
10 the region of the higti concentration of impurities is in a 
range of 2.5 nm to 5.0 nm, if the impurity concentration is 

set in a range of 5xl0 18 cm" 3 to lxl 0 19 cm" 3 , low forward voltage 
can be obtained. 

The inside region of the barrier layer forming the other 

15 end layer that is joined to the well layer may not be the undoped 
region. It is only necessary that the concentration of 
impurities to be addeci is low as compared with the central 
region of the other end layer. The low impurity concentration 
is less than IxlO 16 cm" 3 or more and less than lxl0 18 cm~ 3 , and 

20 more preferably, 5x10^ 6 cm" 3 or more and 5x1 0 17 cm" 3 or less. 

It is preferable that a well layer which is not 
intentionally doped with impurities is joined to the barrier 
layer forming the other end layer. If the well layer of high 
purity having small impurity concentration is joined, 

25 secondary light emission caused by a portion formed of 
impurities can be avoided, and light having excellent 
monochrome can be obtained. The probability of generation 
of distortion caused by impurities is reduced, and there is 
a merit that light having desired wavelength can stably be 

30 obtained. 

The n-type clad layer joined to the one end layer of 
the light-emitting layer can be made of n-type Ga Y In 2 N (0<X, 
Y<1, X+Y=l) of band gap> greater than that of the well layer, 
or can be made of n-type Al x Ga Y N <0<X, Y<1, X+Y=l) . If the 
35 n-type clad layer is made of Ga y In z N, a light-emitting layer 
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whose crystal distortion is moderated can be formeci on the 
clad layer. Further, a Group III nitride semiconductor 
light-emitting device having excellent light emitting 
efficiency can be obtained. As the n-type clad layer, it is 
5 possible to use GayiIn Z iN/Ga y2 Inz 2 N (O^Y x , Y 2 , Z lf Z 2 ^l , Yi*Y 2 , 
Zr*Z 2 , Y i +Zi=l / Y 2 +Z 2 =l) super lattice structure made of gallium 
indium nitride layer. If such a super lattice structure is 
used as a ground layer, a light-emitting layer whose crystal 
distortion is moderated can be formed, and a Group III nitride 

.10 semiconductor light-emitting device whose light emitting 
efficiency is enhanced can be obtained. 

. The Group III nitride semiconductor light emitting device 
of the present invention is provided with an ohmic electrode 
provided on a stacked structure having a light-emitting layer 

15 of the multiple quantum well structure including. the barrier 
layer of the structure of the present invention. When the 
crystal substrate is made of material having excellent 
conductivity, such as silicon (Si) or cubical crystal 3C crystal 
type, hexagonal crystal 4H or 6H crystal type silicon carbide 

20 (SiC) , one of n-type and p-type ohmic electrodes is provided 
in correspondence with the conductive type of the crystal 
material which forms the substrate. An ohmic electrode which 
is suitable for the other conductive type is provided on a 
clad layer having opposite conductive type from that: of the 

25 crystal of the substrate or on a contact layer on the clad 
layer on a multiple quantum well structure having the structure 
of the present invention. 

When the substrate is made of high resistant or 
electrically insulation sapphire, n-type or p-type ohmic 

30 electrode cannot be provided in direct contact with the 
substrate. Thus, each Of them is provided on an n— type or 
p-type layer having a stacked structure. For example, an 
n-type (p-type) ohmic electrode is provided on an n-type 
(p-type) clad layer or contact layer on the same clacd layer. 

35 Alternatively, it is provided on an n-type (p-type) 
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intermediate layer including Ga Y In z N (0<Y, Z^l, Y+Z=l) for 
gently reducing the difference of band gap of the light-emitting 

layer or enhancing the crystallinity, that is dispos ed between 

the n-type (p-type) clad layer and the n-type (p-type)~ 

5 light-emitting layer. 

It is not suitable to provide the insulation or 

high-resistance crystal substrate with an electrically 

conductive ohmic electrode, but alternatively, in the case 

of an optically transparent substrate, a reflection film 

10 exhibiting a function of reflecting light passing through the 
substrate, in an outside taking-out direction arxd made of 
multiple metal film including a single metal film or multiple 
metal films, is provided on a substrate surface opposed to 
that formed with the stacked structure. If the transparent 

15 high-resistant substrate having reflection function of light 
emitting is utilized, Group III nitride semiconductor LED 
having strong light emitting ability can be obtained. A 
reflection layer which reflects light of blue band or green 
band can be made of rare metal, nickel (Ni) or alloy thereof. 

20 An' n-type or p-type contact layer provided for forming 

a low contact resistant n-type or p-type ohmic electrode is 
made of n-type or p-type Group III-V nitride semiconductor 
material having low resistance. The contact layer provided 
in a direction in which light from the light-emitting layer 

25 is allowed to pass to the outside is made of material having 
higher band gap through which light can pass exceeding band 
gap corresponding to light emitting wavelength. For example, 
it is made of Group III nitride semiconductor material having 
greater band gap than material of the well layer forming the 

30 multiple quantum well structure of the present invention. For 
example, it can be made of boron phosphide (BP) or mixed crystal 
of high band gap based on BP, such as boron gallium phosphide 
(B Q Ga R P: 0<Q, R<1, Q+R=l) or boron indium phosphide (B Q In R P: 
0<Q, R<1, Q+R=l) . In the case of BP of monomer, n-type and 

35 p-type resistant layers can easily be obtained by adjusting 
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the growing temperature even in an undoped state and thus, 
this is suitable material for forming the contact layer. 

If the n-type or p-type. ohmic electrode provided in a 
direction in which light emitted from the light-emitting layer 
5 of the multiple quantum well structure of the present invention 
is taken outside the LED is formed like a mesh electrode having 
an opening or a lattice electrode in which electrodes are 
disposed in a matrix manner, a high emission strength LED can 
be obtained- If the electrode has such a shape that a surface 

10 of the clad layer or contact layer provided with the ohmic 
electrode is partially covered, a rate of absorption of light 
is reduced by the electrode material, and the amount of light 
which is not absorbed through the opening andpasses is increased 
Thus, an LED having high light emitting strength canbe obtained. 

15 As described above, according to the embodiment of the 

present invention, in the light-emitting layer of the multiple 

j 

quantum well structure, since both layers forming both ends 
thereof are barrier layers, dispersion of carriers from the 
light-emitting layer toward the clad layer can be suppressed. 

20 That is, since the carriers are enclosed with the well layer, 
light emitting output can be enhanced. 

Of the barrier layers forming both the ends of the 
light-emitting layer of the multiple quantum well structure, 
the one end layer which is in contact with the p-type clad 

25 layer is thicker than the other barrier layer. Thus, inflow 
of the carrier (electron) charged from the n-type clad layer 
toward the p-type clad layer can be suppressed, and the light 
emitting output can be increased. 

If well layers exist on the one end. side and the other 

30 end side of the light-emitting layer as in the conventional 
technique, since the well layer comes into direct contact with 
the clad layer, only the well layer is joined to a different 
crystallinity and different band gap layer, and there is a 
problem that the crystallinity, distortion and light emitting. 

35 wavelength are different as compared with the other well layer . 
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On the other hand, according to the embodiment of the present 
invention, since both layers forming . both ends of the 
light-emitting layer are barrier layers, a layer which comes 
into contact with the well layer is always the barrier layer, 
5 and therefore the environment surrounding the well layer is 
the same. Thus, the light emitting effect of the well layer 
is constant, and the light emitting wavelength is stabilized 
k and variation is small. As described above/ if there exists 
a well layer which comes into contact with the clad layer, 

10 this well layer and a layer which is in contact with the well 
layer sandwiched between barrier layers formed inside of that 
well layer are different and thus, the light emitting effect 
is affected, the wavelength becomes long, and the half-width 
of the light emitting peak is increased. 

15 According to the embodiment of this invention, a layer 

which comes into contact with the well layer is always the 
barrier layer, the order of growing is a barrier layer a 
well layer -> a barrier layer and thus, the growing condition 
is substantially the same over any well layers, the well layer 

20 - can be formed more stably, the generation of point defect can 
be suppressed, and the quality thereof is excellent. Also 
from this reason, the light emitting output can be improved. 
If a well layer that comes into contact with the clad layer 
exists as in the conventional technique, the well layer and 

25 a layer which comes into contact with a well layer sandwiched 
between barrier layers and which is formed inside of the well 
layer are different, and the growing conditions of the clad 
layer and the barrier layer are different . Thus, point defects 
are generated in the well layer which comes into contact with 

30 the clad layer, and the light emitting output is deteriorated. 

According to the present invention, the light emitting 
efficiency can be enhanced by about 1.5 times. Thus, both 
the light emitting output and electro-optical conversion 
efficiency of the LED lamp can be enhanced by about 1 . 5 times, 

35 and energy can be saved. 
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Example 1: 

The present invention will be described concretely based 
on a case in which a Group III nxtride semiconductor light 
emitting diode is produced using a light-emitting layer of 
5 multiple quantum well structure of the present invention formed 
on a sapphire substrate. 

Fig, 1 is a schematic sectional viewof a stacked structure 
used for producing the LED of Example 1. Fig. 2 is a schematic 
diagram showing a structure of tine light-emitting layer of 
10 the stacked structure shown in Fig. 1. Fig. 3 is a schematic 
plan view of the LED produced from the stacked structure shown 
in Fig. 1 . 

To form a stacked structure 11 for producing an LED 10, 
a sapphire substrate 101 was placed in a quartz MOCVD reaction 

15 furnace around which an induction heating radio frequency (RF) 
coil was disposed. Nitrogen gas was allowed to flow therein 
for 10 minutes to purge the inside of the reaction furnace 
and then, the temperature of the substrate 101 was increased 
from the room temperature to 115 0°C for 10 minutes. While 

20 keeping the temperature of the substrate 101 at 1150°C / hydrogen 
gas and nitrogen gas were allowed to flow therein and the furnace 
was left as it was for 10 minutes to thermally clean the surface 
of the substrate 101. 

As a first step, the sapphire substrate 101 was subjected 

25 to a surface treatment in which gas including vapor of trimethyl 
aluminum (TMA1) and vapor of trimethyl gallium (TMGa) which 
are mixed at molar ratio of 1:2, and ammonia (NH 3 ) were allowed 
to impinge on the substrate 101. Desired Group V/Group III 
ratio (NH 3 / (TMAl+TMGa) concentration ratio) in the first step 

30 was set to about 85. The surface treatment was carried out 

at 1150°C for six minutes and then, the supply of gas including 
vapor of TMGa and TMA.1 to reaction furnace was stopped. 

Next, as a second step, an uncioped n-type gallium nitride 
(GaN) layer 102 was formed on the (0001) sapphire substrate 

■ 

35 101 for one hour, while flowing TMGa and ammonia gas, to a 
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thickness of 0,8 fim. 

An Si-doped n~ type GaN layer 103 was formed on the undoped 
n-type GaN layer 102. When the layer 103 was formed, it was 

♦ 

doped with silicon (Si) whose electron concentration was 5xl0 18 
5 cm" using silane gas (SiH 4 ) as a doping source . The thickness 

of the Si-doped n-type GaN layer 103 was 2 |jiq. 

Next, an Si-doped n-type aluminum gallium nitride 
(Alo.09Gao.91N) layer 104 was formed on the Si-doped n-type GaN 
layer 103. using SiH 4 as a doping source and using TMGa, TMA1 
10 and NH 3 as raw materials . The carrier (hole) concentration 

of the Alo.09Gao.91N layer was 7x1 0 17 cm" 3 , and the thickness was 
8 nm. 

The temperature of the substrate 101 was reduced from 

1150°C to 830°C while supplying ammonia gas into the reaction 

15 furnace. Then, an n-type clad layer 105 of Si-doped indium 
gallium nitride { In 0 . oiGa 0 . 99N) whose film thickness was 50 nm 
was formed on the Alo.09Gao.91N layer 104 while using trimethyl 
indium (TMIn) as indium raw material, 

A light-emitting layer 2 of multiple quantum well 

20 structure constituted by barrier layers 21 of GaN and well 
layers 22 of Ino.04Gao.9sN was formed on the n-type clad layer 
105. In forming the multiple quantum well structure, an 
Si-doped GaN barrier layer 21m was first formed on the n-type 
clad layer 105 of Si-dope Ino.01Gao.99N, and an In 0 .o4Ga 0 .96N well 

25 layer 22 was formed on the Si-doped GaN barrier layer 21m. 
The thickness of each well layer 22 was set to 2 nm. The Si-doped 
GaNbarrier layers 21 and Ino.04Gao.9eN well layers 22 were stacked 
five times repeatedly and then, an Si-doped GaN barrier layer 
21n was joined on the fifth Ino.04Gao.9eN well layer 22, and one 

30 end layer 21m of the multiple quantum well structure and the 
other end layer 21n on the side of a p-type clad layer 107 
were formed as Si-doped GaN barrier layers 21. 

The total number of the Si-doped GaN barrier layers 21 
is six, and the thickness of each of the five Si-doped GaN 

35 barrier layers. 21 except the other end layer 21n was set to 
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15 nm. The Si-doped GaN barrier layer forming the other end 
layer 21n was set to 2 0 nm in thickness which was larger than 
those of the other barrier layers. 

The p-type clad layer 107 made of magnesium (Mg) -doped 
5 Alo.07Gao.93N was formed on the light-emitting layer 2 of the 
multiple quantum well structure. The concentration of the 

carrier (hole) of the p-type clad layer 107 was 5xl0 17 cm' 3 , 
. and the film thickness thereof was 10 nm. 

Further, an Mg— doped GaN layer was allowed to grow as 
10 a p-type contact layer 108 on the p-type clad layer 107. The 
concentration of the carrier (hole) of the p-type contact layer 

108 was 8xl0 17 cm" 3 , anci the film thickness thereof was 100 nm. 

After the growth of the p-type contact layer 108 was 
completed, electric supply to the induction heater was stopped, 
15 and the temperature of the substrate 101 was lowered to room 
temperature over 2 0 minutes . When the temperature was lowered 

from the growing temperature (1100°C) to 300°C, nitrogen was 
used as carrier gas in the reaction furnace, and 1% by volume 
of NH 3 was allowed to flow. Then, when the temperature of the 

20 substrate 101 reached. 300°C, the flow of NH 3 was stopped, and 
atmospheric gas was only nitrogen. As soon as it was confirmed 
that the temperature of the substrate 101 was lowered to room 
temperature, the stacked structure 11 was taken out from the 
reaction furnace. 

25 According to the above-described temperature reduction 

and cooling operation, p-type conductivity of the p-type 
contact layer 108 was obtained even if anneal processing for 
electrically activating Mg doped as the p-type impurities was 
not conducted. 

30 The stacked structure 11 formed as described above was 

subjected to selective etching using the ordinary selective 
patterning technique, as the surface of the Si-doped GaN layer 
103 was exposed only from a predetermined region where the 
n-type ohmic electrode 109 was to be formed. Then, an n-type 

35 ohmic electrode 109 in which four layers of Ni, aluminum (Al) , 
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titanium (Ti) and gold (Au) are sequentially stacked while 
the layer of nickel (Ni) comes into contact with the surface 
of the exposed Si-doped GaN layer 103 was provided on the Si 
dope GaN layer 103. As shown in Fig. 3, a transparent p-type 
5 ohmic electrode 110 of gold (Au) alone was formed on 
substantially the entire surface of the p-type contact layer 
108 remaining on the surface of the stacked structure 11. A 
bonding pad (pedestal electrode) 111 in which titanium (Ti), 
aluminum (Al ) and gold (Au) were sequentially stacked was bonded 
10 to the p-type ohmic electrode 110. 

Then, the back surface of the sapphire substrate 101 
having a thickness of 350 |im was polished to form a thin plate 
100 |jm in thickness, and it was further polished and finished 
to a flat mirror surface. Then, it was cut into square LED 

15 chips of 350 \xjxx side as viewed from above. The LED chips 10 
were joined to a lead frame so that device driving current 
could be allowed to flow through the LED chips 10 through the 
n-type ohmic electrode 109 and the p-type pedestal electrode 
111. . 

20 The forward device driving current was allowed to flow 

between the n-type ohmic electrode 109 and the p-type ohmic 
electrode 110 to allow the LED chip 10 to emit light. The 
light emitting wavelength when the forward current was set 
to 20 mA was 395 nm. The light emitting output measured using 

25 a general integrating sphere was as high as 8.7 mW. With this, 
it was indicated that a near-ultraviolet LED of high light 
emitting output could be obtained. 

Comparative Example: 
30 In Comparative Example, LEDs were formed using a 

light-emitting layer of multiple quantum well structure having 

barrier layers of the same thickness. The light emitting 

characteristics were compared. 

That is, in the multiple quantum well structure described 
35 in Example 1, the other end layer (21n in Fig. 2) was made 
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of an Si-doped GaN barrier layer having the same thickness 
as the other barrier layers. Other than the light-emitting 
layer of the multiple quantum well structure, factors were 
- the same as the stacked structures and electrode structures 
5 described in Example 1. 

Forward current of 2 0 mA was allowed to flow through 
the LED chips, mounted in the same manner as in Example 1. via 
the lead frame, and light in a near-ultraviolet region having 
^wavelength of 395 nm was emitted. Although the light emitting 
10 wavelength of the LED chips was the same as that of the LED 
chips 10 of Example 1, the forward current was as high as 3.5 
V. However, the light emitting output was reduced to 5.9 mW 
and did not reach the characteristics of the LED 10 of Example 
1- 

15 

Example 2: 

In Example 2, the contents of the present invention will 
be explained concretely based on a case in which a Group III 
nitride LED is f ormedusing the light-emitting layer of multiple 

20 quantum well structure having barrier layers . The thicknes ses 
of the barrier layers are different from one another. 

In Example 2, in forming the multiple quantum well 
structure constituting the light -emitting layer described in 
Example 1, the thickness of the barrier layer of the one end 

25 layer (21m in Fig. 2) was set to 15 nm, that of the second 
barrier layer was set to 16 nm, that of the third barrier layer 
was set to 17 nm, thickness of the fourth barrier layer was 
set to 18 nm, and that of the fifth barrier layer was set to 
19 nm. 

30 That is, the multiple quantum well structure was formed, 

. with the thicknesses of the Si dope GaN barrier layers reduced 
from the n-type clad layer (105 in Figs. 1 and 2) toward the 
p-type clad layer (107 in Figs. 1 and 2) . The thickness of 
the Si dope GaN barrier layer forming the other end layer 21n 

35 was set to 20 nm. 
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Forward device driving current of 20 mA was allowed to 
flow through the LED chips that were formed in the same manner 
as in Example 1, and characteristics were evaluated. The light 
emitting wavelength was 395 run. Although the forward voltage 
5 was as high as 3.3 V, the light emitting output is as high 
as 8 . 9 mW as Example 1, and high output and near-ultraviolet 
region LEDs were obtained. If the LED is compared with the 
conventional LED described in Comparative Example, the forward 
voltage and light emitting output of Example 2 were more 
10 excellent. 

Example 3: 

The present invention will be described concretely based 
on a case in which a Group III nitride semiconductor layer 

15 is formed using a light-emitting layer of multiple quantum 
well structure utilizing as the other end layer a barrier layer 
in which impurities were distributed. 

In Example 3, the other end layer 21n forming the multiple 
quantum well structure described in Example 1 was made of an 

20 Si-doped GaN layer in which the concentration of Si impurities 
was set to be low on the side of the junction region with respect 
to the well layer, was higher at the central portion of the 
layer, and was gradually reduced from the central portion in 
th.e thickness-increasing direction (toward the p-type clad 

25 layer 107) . 

In the other end layer, the concentration of Si impurities 
frrom the junction region with respect to the well layer to 
an internal region of 5 nm in the thickness-increasing direction 

was set to 3xl0 17 cm" 3 . The concentration of Si impurities in 
30 a central region of the barrier layer which exceeds from the 
junction region with respect to the well layer in the thickness 

direction by 5 nm to 10 nm was set to 4xl0 18 cm" 3 . In a region 
f irom the central region toward the junction region with respect 
to the p-type clad layer, the concentration of the Si impurities 
35 was linearly reduced from 4xl0 18 cm" 3 to 7xl0 17 cm" 3 . The 
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concentration of the Si impurities in each region was adjusted 
by varying the flow rate of SiH 4 gas to be supplied to the 
reaction system with elapse of time when the barrier layer 
forming the other end layer was formed, 
5 LED chips were formed in the same manner as in Example 

1, and forward current was allowed to flow through the chips. 
The light emitting wavelength when the forward current was 
set to 20 mA was 395 nm. The forward voltage was as low as 
3 . 2 V, the light emitting output was 8 . 6mW, and if it is compared 
10 with the conventional LED described in Comparative Example, 
the forward voltage and light emitting output of the LED of 
Example 3 were excellent. 

. Industrial Applicability: 
15 The Group III nitride semiconductor light-emitting 

device according to the present invention has its well structure 
enhanced in crystallinity, resulting in enhancing the emission 
output and electro-optical conversion efficiency to a great 
extent to contribute to energy saving. 



